ABSTRACT: The Guadalupe Mountains of the southwestern U.S. (New Mexico-West Texas) expose the shelf edge of the Permian Delaware Basin, which formed near the western edge of the Central Pangean suture in equatorial Pangea. Voluminous siliciclastic strata filled this basin in mid-Permian time, and compose the Delaware Mountain Group (Brushy Canyon, Cherry Canyon, and Bell Canyon formations). These units have long been recognized to record ultimate deepwater deposition of siliciclastic sediments that were pre-sorted via eolian transport as they progressed toward the shelf edge of the Delaware Basin in Permian time. The generally arkosic mineralogy led most previous researchers to identify crystalline basement uplifts of the Ancestral Rocky Mountains (ARM) of the western U.S. as the primary source for the large volumes of Permian siliciclastic material that fill this basin. New provenance data combining modal mineralogy with detrital-zircon geochronology, however, refute this interpretation. Rather than an ARM basement source, indicated by Paleoproterozoic ages, the predominant age populations, comprising 70-80% of the grains, reflect contributions from Paleozoic, Neoproterozoic, and Mesoproterozoic (Grenvillian) age basement. The combined (arkosic-subarkosic) mineralogy and provenance spectra of the siliciclastic strata from the Delaware Mountain Group, together with comparisons with coeval strata and available paleocurrent data indicate sources in the Ouachita system, including recycled Appalachian detritus, and terranes accreted and uplifted south of the Ouachita suture, now in Mexico and Central America. Dispersal pathways likely involved a component of fluvial transport draining the piedmont region of the Ouachita orogenic belt, and ultimate eolian deflation of these fluvial systems within an easterly to southeasterly and seasonal westerly to northwesterly atmospheric circulation. Monsoonal transport, especially northern excursions of the ITCZ during northern hemisphere summers, would have facilitated transport from terranes south of the Ouachita-Marathon suture in present-day Mexico and Central America. Source locations predominantly south-southeast of the study region potentially obviate the need to call upon transcontinental fluvial transport directly from the Appalachian orogen to the southwestern edge of Pangea, at least for this time period. Furthermore, these results place new constrains on the final docking, major uplift, and consequent erosion of the Yucatan-Maya terrane south of the Ouachita orogenic belt, which provided significant siliciclastic detritus to depocenters in the western U.S. during middle Permian time. In contrast, the uplifts of the ARM were either covered, or greatly diminished as sources by this time.
INTRODUCTION
The Delaware Basin (Figs. 1, 2) formed one of the southwesternmost sedimentary basins of Permian equatorial Pangea. An exhumed, virtually undisturbed shelf-basin transect reveals world-renowned exposures of evaporite-carbonate-clastic depositional systems, which have been intensively studied to assess sedimentary processes, sequence stratigraphy, and paleoecology in lithologically diverse environments. Siliciclastic strata form most of the thick basin fill, and they have undergone substantial study from the standpoint of depositional interpretations, but provenance of the voluminous siliciclastic material remains inconclusive. Sources that have been suggested nearly span the compass, from northwest clockwise to southwest, suggesting various dispersal pathways. Most authors have posited a generally northern source emanating from the remnant uplifts of the crystalline-basement-cored Ancestral Rocky Mountains ( Fig. 1 ; references below), implying continual erosion of these uplifts through Permian time, and paleocurrents emanating from the north.
Detrital-zircon geochronology (U-Pb) can help define potential ultimate bedrock source regions and thus shed new light on provenance relations (e.g., Rainbird et. al 1992; Riggs et al. 1996) , especially when combined with other methods such as modal mineralogy and paleocurrents. Detrital-zircon provenance data from Mesozoic sandstone units of the western U.S. have refined continental-scale paleogeographic reconstructions (Dickinson and Gehrels 2008 , 2009a , 2009b Dickinson et al. 2010) . Fewer data (e.g., Dickinson and Gehrels 2003 ) exist on Paleozoic sandstone strata, but Gehrels et al. (2011) recently presented data from Paleozoic strata of the Grand Canyon and demonstrated several provenance shifts, including one beginning in the Early to middle Permian.
Permian siliciclastic strata of the Delaware Basin accumulated predominantly within deep-(basinal) to shallow-(shelf) marine environments. However, these sediments are thought to have reached the shoreline not by fluvial systems but via eolian transport (e.g., Fischer and Sarnthein 1988, and references below) . The purpose of this paper is to ascertain the source(s) of these siliciclastic strata to provide insights into paleodispersal patterns and paleogeography-including major highland regions-in western equatorial Pangea at a time (from the middle Permian to Late Permian) and a place (southwesternmost Laurentia) that represents a data gap in provenance relations. These new data resolve long-standing uncertainties regarding the ultimate origins for the voluminous siliciclastic strata deposited in this far-southwestern region of the Central Pangean suture, and shed light on locations of uplifts, and continental-scale paleodispersal and atmospheric circulation in this part of Permian Pangea.
GEOLOGIC SETTING

Tectonic and Paleogeographic Setting
The Permian Delaware Basin of New Mexico-West Texas is one of many subbasins of the Permian Basin that formed near the southwestern terminus of the Appalachian-Ouachita-Marathon orogenic belt, and thus along the edge of western equatorial Pangea (Fig. 1) . It lies juxtaposed between the Marathon orogenic belt (south) and the basins and uplifts broadly associated with the (waning) Ancestral Rocky Mountains (north), and records flexural subsidence associated with the final assembly of Pangea (Hills 1984; Yang and Dorobek 1992; Ewing 1993) . The Marathon-Ouachita orogenic belt ultimately terminated in Mexico, along an inferred transform boundary that extended northward toward the Cordilleran margin of western North America (Stewart 1988; Dickinson and Lawton 2001) , although this boundary remains controversial (Poole et al. 2005) . The Delaware Basin was bordered by broad FIG. 1.-Paleogeography of northwestern Pangea for the middle Permian (Modified from G. and sources therein). Remnant basement-cored uplifts of the Ancestral Rocky Mountains are depicted here, but questions remain regarding the extent of exposure of these uplifts at this time (see text, and Soreghan et al. 2012 ). Inset at upper right depicts schematic global paleogeography.
FIG. 2.-A) Middle
Permian paleogeography of the Delaware Basin study region (westernmost Pangea; shown with small black box in Fig. 1 ), highlighting basins and platforms of the greater Permian Basin region, and line of cross section shown in Part B. Note also the location of the modern Guadalupe Mountains, detailed in Figure 3 . B) Schematic cross section from the Northwest Shelf to the Delaware Basin, showing primary lithostratigraphic units for the Guadalupian, including the study units of the Delaware Mountain Group. (Components of paleogeography and cross section modified from Oriel et al. 1967, and King 1948) .
Middle Permian Siliciclastic Strata of the Delaware Basin and Shelf
During middle Permian (Guadalupian) time, the Delaware Mountain Group (Fig. 2 ) accumulated in the Delaware Basin, composed (in ascending order) of the Brushy Canyon, Cherry Canyon, and Bell Canyon formations (King 1942; Harms 1974; Fig. 2) . These strata consist of 1000-1600 m of fine-grained sandstone and associated siltstone (Williamson 1980 ) that interfinger with and/or onlap ramp-to shelf carbonate strata rimming the basin, and correlate shelfward with strata recording restricted conditions. Basinal siliciclastic strata of the Brushy Canyon Formation onlap carbonate strata of the Victorio Peak-San Andres ramp margins, whereas those of the Bell Canyon Formation pass into shelf-edge carbonate strata of the Capitan Formation and (landward) mixed carbonatesiliciclastic-evaporite strata of the Artesia Group (Fig. 2) . Several carbonate tongues that extend from the Capitan margin into the basin are formally recognized members in the Bell Canyon Formation, notably the Rader Member (Fig. 2) . Furthermore, siliciclastic strata of the Bell Canyon Formation that enclose the Rader Member correlate landward with the mixed carbonate-siliciclastic Yates Formation of the Artesia Group (Fig. 2) . Southward in the Marathon Foreland (Hovey Channel region), siliciclastic strata correlative to the Cherry and Bell Canyon formations comprise the Word and Altuda formations. The Word Formation accumulated in a predominantly shallow marine setting with periodic emergence (Rudine et al. 2000) , whereas the Altuda Formation includes slope to basinal turbidites as well as shallow-marine facies (Haneef et al. 2000) . The siliciclastic facies are predominantly quartzose siltstone, and they are thought to have been derived from the Marathon orogenic belt to the south (King 1937; Haneef et al. 2000; Rudine et al. 2000) .
The depositional origins of the siliciclastic strata of the Delaware Mountain and Artesia groups have undergone significant study. All authors recognize that the Delaware Mountain Group siliciclastic units record marine deposition, but interpretations of marine sediment transport have varied, from, e.g., shallow marine currents (King 1948; Newell et al. 1953) , to (storm-generated?) density (e.g., thermohaline) currents (Harms 1974; Williamson 1979 Williamson , 1980 Bozanich 1979; Harms and Williamson 1988) , to submarine-fan turbidity currents (Passega 1954; Hull 1957; Hayes 1964; Jacka et al. 1968; Jacka 1979; Rossen and Sarg 1988) . Regardless of the interpretations for the ultimate (marine) transport, these siliciclastic strata have long been considered as presorted by eolian transport prior to entry into the marine system. Newell et al. (1953) highlighted the fine-grained and well-sorted character of the strata to first suggest an eolian origin, an interpretation echoed by Hull (1957) and Harms (1974) . Fischer and Sarnthein (1988) subsequently formalized this interpretation, citing in addition to other attributes the scarcity of clay (inconsistent with fluvial detritus), and the grain rounding. Fischer and Sarnthein (1988) drew an analogy with the Pleistocene offshore the Sahara. Eolian derivation has also been proposed for the siliciclastic strata of the correlative Artesia Group (e.g., Kendall 1969; Silver and Todd 1969; Smith 1974; Meissner 1972; Mazzullo et al. 1991 Mazzullo et al. , 1992 Harris 1991a, 1991b) , although interpretations for their ultimate depositional environment vary from shallow and restricted marine to continental (above citations, and Sarg 1977; Neese and Schwartz 1977; Candelaria 1982; Andreason 1992) .
The intimate intercalation of carbonate and clastic strata in shelf to basin deposits of much of the middle Permian record in the Delaware Basin reflects the classic ''cyclic and reciprocal sedimentation'' model (Wilson 1967; Kendall 1969; Silver and Todd 1969; Meissner 1972; also Jacka et al. 1968) , later reinterpreted using sequence stratigraphic nomenclature (e.g., Mazzullo et al. 1991 Mazzullo et al. , 1992 Osleger 1998; Tinker 1998) . Following these models, carbonate deposition thrives during relative high stands of sea level (''highstand shedding'' of Schlager et al. 1994) , and siliciclastic deposition predominates during relative lowstands, when the shelf and back-barrier systems are exposed. These ideas are particularly applicable to the Carboniferous-Permian record, when ''icehouse'' conditions led to common high-magnitude and highfrequency glacioeustatic changes. Although much of the Gondwanan ice is thought to have dissipated by Early Permian (Sakmarian) time, ice persisted through middle Permian (Guadalupian) time (Fielding et al. 2008) , with far-field effects propagated through glacioeustasy. Applying this model, siliciclastic sediment bypassed exposed shelf areas and accumulated in the basin (Delaware Mountain Group) during lowstand (glacial) phases, and on the shelf (e.g., siliciclastic strata of the Yates Formation) during transgressive (waning glacial) phases Harris 1991a, 1991b; Andreason 1992) . Glacioeustatic cyclicity recorded in the shelf deposits (Artesia Group) reflects . 250 sea-level oscillations of , 5-10 m each (Smith 1974; Ye and Kerans 1996) .
VIEWS ON PROVENANCE OF PERMIAN SILICICLASTIC STRATA OF THE DELAWARE BASIN
Most interpretations for the source region(s) that supplied the siliciclastic material for the Artesia and Delaware Mountain groups have focused on the basement-cored uplifts of the ARM (Fig. 1) . The occurrence of thin sandy and silty units of the Artesia Group on the Northwest shelf have been taken as evidence for a generally north-tosouth sediment-supply route (Hull 1957) . Although Newell et al. (1953) suggested a recycled source from Pennsylvanian sandstone to the east and northeast (Oklahoma and Colorado), the generally arkosic composition reported from various units (Hull 1957; Berg 1979; Watson 1979; Williamson 1979 ) led most authors to suggest a (first-cycle) plutonicmetamorphic source associated with late Paleozoic basement-cored uplifts of the ARM and/or midcontinent region to the north-northwest (ARM uplifts of New Mexico and Colorado; King 1948; Hull 1957; Mazzullo et al. 1991) , or the northeast (Wichita and Arbuckle uplifts ; Hull 1957; Watson 1979) . For the Cherry Canyon and Bell Canyon units, Newell et al. (1953) and Bozanich (1979) suggested transport from the north (Northwest shelf) or east (Central Basin platform and former Midland Basin), also favored by Walker et al. (1992) .
A few researchers have considered sources beyond the ARM; for example, King (1948) suggested a partial south to southwestern source. More recently, Kocurek and Kirkland (1998) used correlations, paleogeography, and presumed paleowinds to suggest that the siliciclastic units of the Permian Delaware Basin were derived from contemporaneous eolian units (Whitehorse Group) of Oklahoma. On this basis, they inferred an ''eolian transport corridor'' operating from the east. They did not pinpoint an ultimate basement source, but they specifically excluded an ARM source.
METHODS
Approximately 2-5 kg samples of siliciclastic units (siltstone and finegrained sandstone) were collected for detrital-zircon provenance analyses from four units: two from the Brushy Canyon Formation, and one each from the Bell Canyon and correlative Yates Formations, at the localities shown in Figure 3 . For the Brushy Canyon Formation, sampling was done from both a siltstone unit and a sandstone unit, to test for any grainsize-based provenance differences. The Bell Canyon Formation samples are from the Bell Canyon sandstone co-occurring with the Rader Member carbonate slide, and from the shelf-correlative Yates Formation, which is a siltstone. For simplicity, however, and to emphasize the coeval relationships of the Rader and Yates samples, they are designated as ''Bell Canyon (Rader) '' or ''Bell Canyon (Yates) .'' For each of these four units, modal framework mineralogy was assessed by point-counting 400 grains on three or four stained thin sections per unit (Table 1 for details, including methods). For comparison, we also point counted three samples of sandstone from the (coeval) Whitehorse Group of western Kansas (subsurface; Fig. 3 ). Feldspar compositions were checked with microprobe analyses.
For detrital-zircon geochronology, samples were processed and analyzed at the LaserChron Center at the University of Arizona. For each sample, 2-4 kg was processed using standard crushing and heavymineral separation techniques . Approximately 100 randomly selected grains were analyzed for each sample closely following the analytical protocol described in detail by Dickinson and Gehrels (2008) , except that a spot diameter of 15 mm was utilized because of the fine grain size of the zircons. Figure 4 illustrates typical views of the zircon separates; these images illustrate grain morphology and sizes and show that most grains are relatively unbroken. Analysis of a fragment of a Sri Lanka zircon crystal (known age of 564 6 4 Ma (2s error)) mounted with the sample was done approximately every five analyses for calibration purposes. U ages for those grains . 1 Ga; a 20% difference was used to filter the data.
Quantitative comparisons of detrital-zircon age spectra were done using Kolmogorov-Smirnoff (K-S) statistics (Press et al. 1986 ). The K-S test compares the age distribution (including associated uncertainties) of two samples and assesses the probability (P) that differences between the two spectra originate from random selection of grains. A P value of 1.0 indicates identical spectra. If P . 0.05, then there is , 95% confidence that the two spectra do not reflect random derivation from the same population. We follow the convention used by Dickinson et al. (2010) , i.e., that age spectra with P . 0.05 essentially indicate statistically indistinguishable zircon sources. As Dickinson et al. (2010) noted, however, where two spectra are dominated by two different age populations in slightly varying proportions, K-S results might imply different sources, even if geologically unreasonable. Hence, visual comparison of spectra should be used in conjunction with K-S statistics and geological considerations. Table 1 and Figure 5 present framework mineralogy and granulometric modal data from several samples from each of the four study units, as well as comparable data from the (coeval) Whitehorse Group of the midcontinent (Kansas). The mineralogical data provide a baseline check on detrital modes and confirm that all Delaware Mountain Group units exhibit an arkosic-subarkosic mineralogy (average Q71, F25, L4), with subequal proportions of potassium feldspar and plagioclase feldspar. Lithic fragments are generally rare (average , 4%) but include both metamorphic and volcanic types. Sandstone samples (all fine grained) from the Whitehorse Group are even more arkosic (average Q56, F38, L6), also with subequal metamorphic and volcanic lithic fragments. The Notes: Detrital modes are based on point counts of 400 framework grains per sample categorized as follows: quartz (Q), feldspar (F; potassium feldspar (K), plagioclase (P)), lithic (L; metamorphic lithic (Lm), volcanic lithic (Lv)), mica (M), identified following the Gazzi-Dickinson method (Ingersoll et al. 1984) , modified to apply to grains to silt size. Counts were conducted by the same operator, on thin sections stained for potassium feldspar. Values are averages of each sample set, rounded to nearest 0.1%. Modal grain sizes were assessed by disaggregation in HCl followed by measurement in a laser particle-size analyzer. *From 3 samples of sandstone of the Whitehorse Group (mineralogy from subsurface samples, and grain size from outcrop in Oklahoma (points 4a and 4b in Figure 9 ).
PROVENANCE RESULTS
FIG. 4.-Examples of backscattered electron images of zircon concentrates of processed samples. In these images, zircons appear as lighter shades of gray (to white), owing to higher average atomic number than other mineral phases present (mostly quartz). Note that, for the most part, grains are relatively unbroken. A) Brushy Canyon sandstone sample; B) Bell Canyon (Rader) sample. feldspar includes both potassium feldspar and plagioclase (albite, of plutonic origin). The significance of these results are assessed below.
The detrital-zircon geochronological data are presented graphically in normalized probability plots (Fig. 6 ) that display the age spectra for all four samples, and age populations that reflect potential sediment sources are summarized in Table 2 . Overall, the data reveal a mixed distribution of sources spanning from as young as 263 Ma to nearly 3 Ga, with major populations of Paleozoic (300 to < 480 Ma) and middle-to-late Mesoproterozoic (920-1300 Ma) grains, and subordinate populations of Neoproterozoic (515-790 Ma), early Mesoproterozoic (1300-1585 Ma), late Paleoproterozoic (1600-1825 Ma), and Archean-Paleoproterozoic (. 1825 Ma).
Both visual examination and K-S analysis confirm that the Brushy Canyon sandstone and interbedded siltstone samples display very similar age spectra (P 5 0.4), indicating a minimal influence of grain size on zircon age populations. Furthermore, age spectra for both the Brushy Canyon (older) and Bell Canyon (younger) samples share many similarities, confirmed by the K-S statistic, which is generally . 0.05, except for the comparison between the Brushy Canyon siltstone and the Bell Canyon (Yates siltstone) samples, for which the K-S results are 0.04. All four samples show a predominant Paleozoic age peak (408 and 420 Ma for the Brushy Canyon samples, and 418 and 417 Ma for the Bell Canyon samples). In the Brushy Canyon samples, however, Mesoproterozoic age peaks (1019 and 1038 Ma) form a predominant secondary peak. The Paleozoic and Mesoproterozoic age groups account for 70-80% of the population in the Brushy Canyon, whereas the spectra for the Bell Canyon samples display a more distributed pattern. Detailed age distributions are presented below.
Archean and Paleoproterozoic (. 1825 Ma)
Abundance of these ages is low, with 3-5% of grains of this age from the Brushy Canyon samples, and 6-12% in the Bell Canyon samples, mostly of ages in the 2.5 to 2.8 Ga range (visually determined ages peaks of 1861 , 2047 , 2154 , 2165 , 2168 , 2538 , 2547 , 2662 , 2685 , 2728 , 2763 , 2779 , 2853 .
Late Paleoproterozoic (1600-1825 Ma)
Ages of approximately 1600-1825 Ma form a subordinate (8-12%; average < 10%) constituent in all four samples, with age peaks at 1615, 1636, 1644, 1653, 1683, 1734, 1749, 1787, 1803 , and 1861 Ma.
Early Mesoproterozoic (1300-1585 Ma)
These grains form a relatively minor (10-13%) population in all four samples, with age peaks of 1303, 1461, 1464, 1475, 1496, 1498 , and 1552 Ma.
Middle-Late Mesoproterozoic (920-1300 Ma)
On average the largest single population, approximately half the zircons in the Brushy Canyon samples and 30% of those in the Bell Canyon samples, reflect an age range of 920-1300 Ma (age peaks of 945, 1016 945, , 1019 945, , 1030 945, , 1038 945, , 1141 945, , 1144 945, , 1156 945, , 1166 945, , 1238 945, , 1265 945, , and 1291 .
Neoproterozoic-Early Paleozoic (515-790 Ma)
Zircons of Neoproterozoic (515-790 Ma) age represent a negligible fraction (1-5%) within the Brushy Canyon samples but increase to 10-15% of the population in the Bell Canyon samples. Age peaks occur at 519, 536, 539, 586, 608, 626, 627, 772 , and 779 Ma. Table 1 for tabulated data and methodological details. Inset ternary plot is an enlarged version.
FIG. 6.-Detrital zircon populations expressed as normalized probability plots for A) Bell Canyon (Yates) siltstone sample, B) Bell Canyon (Rader) sandstone sample, C) Brushy Canyon siltstone sample, and D) Brushy Canyon sandstone sample. These plots depict the ages and their associated errors. N denotes the number of concordant detrital-zircon ages obtained for each sample.
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Paleozoic (300 to < 480 Ma)
Zircons of Paleozoic (< 480-300 Ma) age represent a significant fraction (20-28%) within all samples, second in importance only to the middle-to-late Mesoproterozoic ages. Age peaks occur at 300, 313, 323, 367, 369, 408, 417, 418, 420, 426, 466, 479, 480 Ma, with the most prominent peaks in all samples between < 408-420 Ma. One grain occurs with an age of 265 Ma, which approximates the inferred depositional age of the Bell Canyon Formation.
POTENTIAL SOURCES
Interpretations of potential sources for the zircons are presented in relation to basement provinces of North America and surrounding terranes (Fig. 7) , and comparisons with results from other detrital zircon provenance studies of Paleozoic and Mesozoic strata from this greater region, and organized by the age populations designated in Table 2 .
Archean and Paleoproterozoic (. 1825 Ma)
Potential sources for these ages include the Penokean-Trans-Hudson (1.8-2.0 Ga) or Superior (2.5-2.7, 3.0 Ga) provinces of the interior Laurentian craton (Hoffman 1989; Van Schmus et al. 1996) . Some of the ages fall in the 2.5-2.8 Ga range, likely implicating the SuperiorWyoming craton, although the Wyoming craton was covered during the late Paleozoic (McKee and Oriel 1967) . Grains of Archean age were also reported in Pennsylvanian strata of the Marathon (Texas) and Arkoma (Oklahoma) basins (Sharrah 2006; Gleason et al. 2007) , and Permian strata of the Grand Canyon (Gehrels et al. 2011) , and similarly attributed to a Laurentian provenance. Paleoproterozoic grains are rare in Laurentia. Thomas et al. (2004) reported grains of 2.0-2.3 Ma from Pennsylvanian strata of the Appalachian Basin, but they noted that these are more characteristic of Trans-Amazonian-Eburian events of the Gondwanan margin (Trompette 2000) and may reflect recycling from cover strata of various Appalachian terranes (the Avalon, Carolina, and Suwannee terranes; Figs. 7, 8) . Paleoproterozoic ages have also been reported from, e.g., the Florida subsurface (Suwanee terrane; Mueller et al. 1994) and Mexico (Maya block, Weber et al. 2006) .
Late Paleoproterozoic (1600-1825 Ma)
This population is typical of the Yavapai-Mazatzal terrane and related Central Plains orogen, a metasedimentary and metavolcanic assemblage that extends across southwestern North America (Van Schmus et al. 1993 Karlstrom et al. 2003 ) and was exposed in the cores of several denuded uplifts of the Ancestral Rocky Mountains during Pennsylvanian-Early Permian time. Relative proportions of grains from the Mazatzal (< 1.6-1.7 Ma) and Yavapai (1.7-1.8 Ma) terranes are subequal in all samples. Grains of this age are abundant throughout Paleozoic strata of the Grand Canyon region (Gehrels et al. 2011) , and in particular, Pennsylvanian-lower Permian strata in the western U.S., presumably reflecting active denudation of ARM uplifts during the Pennsylvanian-Early Permian (M. Soreghan et al. 2002 G. Soreghan et al. 2007; Dickinson and Gehrels 2003; Gehrels et al. 2011) . They also occur in Pennsylvanian strata of the Marathon and Ouachita orogens (Gleason et al. 2001 (Gleason et al. , 2007 Sharrah 2006) and in Paleozoic strata of the Appalachian foreland (Eriksson et al. 2004) .
Early Mesoproterozoic (1300-1585 Ma)
This age range matches the igneous activity associated with the graniterhyolite province of midcontinent North America, an episode of anorogenic magmatism characterized by scattered plutons across this region (Van Schumus et al. 1996) . Some of these plutons were likely incorporated in the uplifts associated with the greater Ancestral Rocky Mountain uplifts (e.g., New Mexico, Arizona ; Hoffman 1989; Van Schmus 1993) .
Mesoproterozoic (920-1300 Ma)
This population encompasses major tectonic events in the Grenville Orogen of southern and eastern North America, parts of Mexico, and the Gondwanan continents. Grenvillian-age zircons have been documented as a predominant population in North American sandstones ranging in age from Neoproterozoic to Mesozoic (e.g., Rainbird et al. 1992 Rainbird et al. , 1997 Dickinson and Gehrels 2003; Moecher and Samson 2006; Sharrah 2006; Gleason et al. 2007 and references therein; Dickinson et al. 2010; Gehrels et al. 2011; Hietpas et al. 2011; Rainbird et al. 2012 ), which limits their usefulness for detailed reconstructions of dispersal pathways. Even modern fluvial sediments of the Appalachian region reflect a dominant Grenvillian population (Eriksson et al. 2003) , an artifact in part of the significant recycling that occurred during the Appalachian-Hercynian orogenies.
Neoproterozoic-Early Paleozoic (515-790 Ma)
Possible sources for these ages occur in multiple ''peri-Gondwanan'' terranes caught between and ultimately squeezed within the GondwananLaurentian suture (e.g., Murphy et al. 2004 ). In the Appalachian orogen, these terranes include the Avalon (northern Appalachians), Carolina (southern Appalachians), and Suwannee (Florida subsurface), containing ages of < 760-515 Ma, ultimately uplifted and denuded in the interior Appalachian orogen during the late Paleozoic (Opdyke et al. 1987; Mueller et al. 1994; Nance and Thompson 1996; Murphy et al. 2004; Dickinson and Gehrels 2003 and references therein; Sharrah 2006; Martens et al. 2010; Thompson et al. 2012 ) , or recycled from syn-rift to post-rift strata of these Neoproterozoic rift basins entrained in Paleozoic Appalachian orogenic events (Thomas et al. 2004) .
Other possible sources for the younger portion of this age range are Cambro-Ordovician igneous rocks scattered across New Mexico and southern Colorado. McMillan and McLemore (2004) documented several intrusions with ages between 574 and 427 Ma in southern Colorado and between 664 and 457 Ma in New Mexico, which include both mafic and felsic compositions. Some of these exposures occur in regions that were uplifted as part of the ARM in Pennsylvanian time, e.g., the Sangre de Cristo Mountains (ancient Apishapa uplift) and the Uncompahgre Plateau (ancient Uncompahgre uplift). McMillan and McLemore (2004) an aulacogen analogous to the Southern Oklahoma aulacogen along the rifted margin of Laurentia. It is unclear, however, whether these sources remained exposed in later Permian time (see below).
In addition, peri-Gondwanan terranes capable of providing Neoproterozoic zircon grains were located south, southeast, and southwest of the study area, ultimately accreted to and now present in Mexico and Central America (Fig. 8) . The Coahuilla and Yucatan (-Maya) terranes had accreted and were uplifted by Permian time (Sacks and Secor 1990; Dickinson and Lawton 2001; Poole et al. 2005; Gillis et al. 2005 ) and contain crustal elements within this age range (Krogh et al. 1993) .
(Note that what we hereafter refer to as the Yucatan-Maya terrane has been variously termed the Maya block, Maya terrane, and Yucatan-Chiapas block (Weber et al. 2006) ). The Yucatan-Maya terrane includes PermoPennsylvanian strata with detrital-zircon ages that include a population of < 650-500 Ma (Weber et al. 2006 (Weber et al. , 2008 Martens et al. 2010) . The El Fuerte region of northwestern Mexico (southwest of the study area) is thought to represent, in part, the orogen-interior region of the OuachitaMarathon-Sonora orogenic belt and has age clusters of 453-508, 547-579, and 726-606 Ma (Vega-Granillo et al. 2008) . Interpretations vary for the exact placements and relative positions of these peri-Gondwanan Mexican terranes (e.g., Dickinson and Lawton 2001; Murphy et al. 2004; Keppie et al. 2008; Vega-Granillo et al. 2008; Martens et al. 2010 ); however, all were ultimately involved in the Pangean orogenic zone and subsequent uplift, and were thus capable of supplying zircons toward and into the Ouachita-Marathon system. Sharrah (2006) documented Neoproterozoic zircons in lower Pennsylvanian deepwater strata of the Ouachita foreland (Arkoma Basin) and combined these data with paleocurrent results to suggest a Yucatan (Maya block) source for these grains.
A few grains (1-2%, or seven amongst the four samples) of Cambrian age (modes at 536 Ma and 539 Ma in the Bell Canyon samples, and a single grain at 517 Ma in a Brushy Canyon sample) represent ages that are relatively rare in Laurentia, and merit special attention. Grains of Cambrian age have been reported in small numbers from North America in strata of Pennsylvanian through Triassic age, and have uniformly been ascribed to denudation of the Wichita uplift of Oklahoma (Riggs et al. 1996; Dickinson and Gehrels 2003; Sharrah 2006; Gleason et al. 2007; Dickinson et al. 2010; Gehrels et al. 2011 ), a prominent ARM highland actively eroded in Pennsylvanian time. Granite units from the Wichita Mountains are well dated to 530 6 3 Ma and 533 6 3 Ma (Hames et al. 1995; Wright et al. 1996; Hogan et al. 2000) . However, the Wichita uplift was not actively eroding by middle to Late Permian time (see below), indicating that the grains could not have been sourced directly from the uplift. We cannot exclude, however, the possibility of recycling of these grains from local Pennsylvanian strata. These ages also potentially overlap with ages from the New Mexico-southern Colorado ''aulacogen'' magmatism documented by McMillan and McLemore (2004) ; again, however, it is unclear if these units were eroding during the Permian. Other, potential sources for these grains include Gondwanan terranes, such as the Suwannee (535-511 Ma; Opdyke et al. 1987; Mueller et al. 1994; Murphy et al. 2004; Martens et al. 2010) , or other Pan-African terranes of the Appalachians (Carolina, 590-535 Ma arcs; Becker et al. 2006) and Mexico (e.g., Mixteca, Maya blocks; Weber et al. 2006 Weber et al. , 2008 Keppie et al. 2010; Martens et al. 2010) .
Paleozoic (300 to < 480 Ma)
Zircons of Paleozoic (300 to < 480 Ma) age are an important component of the study samples and are reasonable matches with the Taconic (440-490 Ma) and Acadian (390-350 Ma) orogenies of the Appalachian system (Jamieson et al. 1986; Krogh et al. 1988; Simonetti and Doig 1990; Miller et al. 2000; Aleinikoff et al. 2002) . Additionally, the Franklinian (Innuitian-Ellsmere) orogen of the Arctic margin (northern Laurentia) shed a large clastic wedge across the Canadian Shield with grains of 370-450 Ma (Trettin 1989; Patchett et al. 2004; Gehrels et al. 2011; Anfinson et al. 2012 ) and conceivably could have sourced zircons from the region representing the northern continuation of the Appalachian-Caledonian orogen (Gehrels et al. 2011) .
Paleozoic grains (i.e., detrital zircons and zircon-bearing igneous basement) also occur, however, in accreted terranes of Mexico, such as the Mixteca (Acatlán Complex; 480-440 Ma: Keppie et al. 2004 Keppie et al. , 2008 Talavera-Mendoza et al. 2005) , and the Yucatan-Maya terrane (418 Ma; Krogh et al. 1993; Steiner and Walker 1996; Weber et al. 2006 Weber et al. , 2008 Martens et al. 2010) , with metamorphic ages (416-386 Ma) documented in Oaxaquia ). Many of these sources were denuding and thus capable of supplying zircons to the study region by Permian time, as Paleozoic zircons occur in Carboniferous-Permian strata of the Maya terrane (Martens et al. 2010) . Collision of the Mixteca terrane occurred by middle Permian time , and suturing of the Yucatan-Maya and Oaxaquia terranes occurred by approximately middle Permian time (Torres et al. 1999; Centano-Garcia 2005; Weber et al. 2008) . Collision of Oaxaquia (Coahuila and Sierra Madre terranes) with the North American craton began by middle Permian (Leonardian) time (Torres et al. 1999; Centano-Garcia 2005) . Carboniferous strata in both Mixteca and Oaxaquia contain Devonian detrital zircons eroded from Mixteca (Keppie et al. 2008) .
Only one grain younger than 300 Ma occurs, an age of 265.1 6 5.2 Ma in the Bell Canyon (Yates) sample. This age coincides with the Guadalupian (middle Permian) depositional age of the Yates Formation (and correlative Bell Canyon Formation of the Delaware Mountain Group), and the occurrence of several tephra units are well documented from all three units of the Delaware Mountain Group (King 1948; Nicklen et al. 2007 ) in the Guadalupe Mountains. These tephras are inferred to have been sourced from the Las Delicias arc (Coahuila terrane) of northwest Mexico (King 1948; Nicklen et al. 2007 Nicklen et al. , 2009 ), a component of the East Mexico arc, which was active between 284 Ma and 232 Ma, after final closure of the Ouachita suture ( Fig. 7 ; McKee et al. 1988; Torres et al. 1999; Dickinson and Lawton 2001) .
Potential for Recycling?
Thomas (2011) emphasized that multicyclic sources can be masked, and it is quite possible that recycling has occurred. For example, the Ouachita-Marathon orogenic belts, actively uplifted in imbricated thrust sheets during the Permian, cannibalized older (predominantly Pennsylvanian) foreland basin strata (''flysch;'' Fig. 9 ). Recycling of Pennsylvanian-Lower Permian strata flanking late Paleozoic uplifts of the ARM orogenic system is possible, but provenance studies of some of these units (G. Soreghan et al. 2002 Soreghan et al. , 2007 ) indicate derivation from local ARM uplifts to varying degrees. Thus, if recycling of these slightly older flanking units, e.g., through incision and remobilization associated with repeated glacioeustasy, provided significant sediment to the Delaware Basin, the provenance would contain a definitive ARM signature, which is largely missing. We further address these recycling issues below.
DISCUSSION
The Missing ARM
A predominant ARM source has long been the accepted interpretation for the provenance of the voluminous sands of the Delaware Mountain Group (references above), with noteworthy exceptions (e.g., King 1942; Kocurek and Kirkland 1998) . Orogenesis of the core ARM (e.g., Colorado, New Mexico, Oklahoma) peaked in Pennsylvanian time, and denudation of several uplifts removed the pre-Pennsylvanian strata to expose Precambrian crystalline basement (e.g., Kluth 1986 ). Most of the pre-Pennsylvanian sedimentary cover of western North America, with the exception of some thin, discontinuous Cambrian, Ordovician, and Devonian sandstones, consists of non-zircon-bearing carbonate strata. The lower-middle Paleozoic siliciclastic units are zircon-bearing, but the zircons are significantly coarser (average 80 mm sieve diameter), and include ages peaks (e.g., 1.77 Ga) not present in the study samples (Figs. 4, 6; Strickland and Middleton 2000; Stewart et al. 2001) . Accordingly, the primary source of zircons for sediments shed from the ARM would have been the exposed basement regions of the uplifts themselves. Displacements on fault systems bordering some of the major ARM uplifts (e.g., the Uncompahgre uplift of Colorado and the Wichita uplift of Oklahoma) reach 8-12 km (Frahme and Vaughn 1983; White and Jacobson 1983; Perry 1989; Keller and Stevenson 2007) , attesting to the substantial erosion and attendant supply of abundant siliciclastic detritus to regions surrounding the uplifts. Furthermore, the markedly arkosic-subarkosic composition of the study samples (Fig. 5 ) points to (a) crystalline basement source(s), such as those known to have been exposed during the ARM orogeny (references above).
Despite the demonstrated erosion of the ARM uplifts, and the consequent potential for supplying first-cycle arkosic material, however, Table 3 summarize available provenance and paleocurrent data from coeval (Guadalupian) strata in regions northwest, northeast, and south of the study area. A) Paleogeographic map highlighting regions of deposition, regions of sediment bypass (low relief), and regions undergoing uplift and erosion (high relief) surrounding the study area during Guadalupian time. The arrows indicate paleocurrent directions from coeval Guadalupian strata (black) and, for eastern regions, older Pennsylvanian-Lower Permian strata (blue). B) Stratigraphic chart showing coeval Guadalupian strata from regions surrounding the study area, as well as older strata potentially recycled in orogenic belts, and fluvial strata from proximal foreland basin regions of the Appalachian and Ouachita systems. This chart also shows the typical framework mineralogy of many siliciclastic units depicted (''Q'' indicates principally quartzose composition; ''F'' indicates a feldspathic (arkosic or subarkosic) composition. The blue units are shelf carbonate strata. See Table 3 for data sources for these figures.
the detrital-zircon data refute the interpretation of a primary ARM source for the clastic strata of the Delaware Basin. Most uplifts of the ARM exposed basement principally of late Paleoproterozoic age (Yavapai-Mazatzal), yet zircons of this age (< 1600-1825 Ma) form only a minor constituent (8-12%) in all four samples of our study set. One ARM uplift, the Wichita uplift bordering the Anadarko Basin in Oklahoma, exposed basement of Cambrian age during PennsylvanianEarly Permian uplift. Few grains of Cambrian age, however, appear in the detrital-zircon data. Furthermore, field and subsurface evidence from the Wichita Mountains of Oklahoma indicate Lower Permian onlap, and thus burial of the synrift igneous rocks by late Early Permian time (Gilbert 1982; Soreghan et al. 2012) , such that the Wichita Uplift was not an eroding source by Permian time. Re-exhumation and associated denudation of < 800 m to 1.5 km of overburden (in the Anadarko Basin) occurred in the Late Jurassic through Paleogene (Carter et al. 1998; Winkler et al. 1999; Eaton 2008) . Hence, although permissible for Pennsylvanian strata, derivation of Cambrian grains directly from exposed basement of the Wichita uplift is unlikely for strata of Permian through at least Jurassic, and possibly Paleogene age.
Analogous to the onlap relationships documenting Permian burial in the Wichita Mountains (Wichita uplift), new data from the southwest margin of the Uncompahgre Plateau in Colorado (proximal Paradox Basin region) similarly suggests substantial late Early Permian burial of the Uncompahgre uplift (G. Soreghan et al. 2012) . Hence, contrary to the long-held view that the ARM uplifts continued to erode and shed significant sediment throughout Permian and into Triassic-Jurassic time (e.g., Lee 1918; Mallory 1972; Blakey 2008) , the detrital-zircon data are more consistent with the view that the ARM ceased to be an important primary source of detritus by late Early Permian time. Zircons indicating an ARM (YavapaiMazatzal) source diminish from < 24% of detrital zircon spectra in Lower Permian strata, and up to 75% in units proximal to the uplifts (Dickinson and Gehrels 2003; Gehrels et al. 2011) , to an average of 10% in the middle Permian (this study).
Rather than a predominant ARM population, the largest proportions of detrital zircons in the Delaware Mountain Group are Paleozoic, Grenvillian, and subordinately, Neoproterozoic grains (Fig. 6 ). These three age populations account for 70-80% of the grains in the middle Permian Delaware Basin samples (Table 2) ; given the overwhelming dominance of the Grenville population, we recast the data excluding Grenville grains to highlight populations that might be more distinctive for provenance evaluation. This recalculation reveals that Paleozoic grains form the single largest contribution to all four samples, representing 36-46% of the population in all spectra, with Neoproterozoic grains forming 3-20%. In their documentation of detrital-zircon age spectra from Paleozoic units of the Grand Canyon region, Gehrels et al. (2011) noted a marked provenance shift beginning in the late Early Permian and extending to Guadalupian-age strata, represented primarily by the introduction of Paleozoic and Neoproterozoic grains, as we see in our data. Thus, any provenance interpretation must account for the noteworthy introduction and abundance of Paleozoic-age detrital zircons in particular.
Paleozoic-age detrital zircon grains are present in some, but not all Pennsylvanian-Permian units from the Appalachian Basin (e.g., Gray and Zietler 1997; Eriksson et al. 2004; Becker et al. 2005 Becker et al. , 2006 , and others have suggested a possible Appalachian derivation for these grains in Permian units of the western U.S. (e.g., M. Soreghan et al. 2002; Gehrels et al. 2011) . A possible Appalachian source is problematic, however, given the common lack of these grains in PennsylvanianPermian strata of the Appalachian foreland, especially since such grains would only become further diluted by contributions from other source regions with increased transport distance toward western Pangea. In support of an Appalachian provenance, Gehrels et al. (2011) noted that the timing of the early Permian provenance shift in the Grand Canyon samples matches the timing of terrane accretions (e.g., the Suwanee) along the southern Appalachian margin and argued that the poorly dated Appalachian foreland basin strata lacking Paleozoic grains may, in fact, pre-date the provenance shift. Alternatively, Thomas et al. (2004) and Thomas (2011) suggested that the absence of Alleghenian-age zircons from synorogenic strata of the Appalachian system reflects a lag time; i.e., that the detrital-zircon signatures of the Appalachian clastic wedges are ''one orogeny behind.'' However, Gehrels et al. (2011) also noted that the origin(s) of the < 420-720 Ma populations remain problematic, leading them to acknowledge a possible Ouachita source for these grains.
Detrital-zircon ages from Pennsylvanian synorogenic turbidite strata of the Ouachita system (Arkansas and Oklahoma; Sharrah 2006) and the Marathon systems (Texas; Gleason et al. 2001 Gleason et al. , 2007 share similar signatures with Pennsylvanian strata of the Appalachian foreland basin (Eriksson et al. 2004; Thomas et al. 2004; Becker et al. 2005) , which some have interpreted to reflect possible recycling of Appalachian detritus through deformed and denuded (synorogenic) strata of the Ouachita system, perhaps longitudinally (cf. Graham et al. 1976; Ingersoll et al. 1995; Gleason et al. 2007) or via the Illinois Basin (Thomas 1997; Sharrah 2006) . However, none of these units contain the abundance of Paleozoic zircons exhibited in the study samples. Additionally, these Pennsylvanian strata, although deformed, uplifted, and thus likely subject to recycling during the various orogenies that occurred along the Pangean suture, are predominantly quartzitic to quartzolithic, in contrast to the marked arkosic-subarkosic mineralogy of the study samples (Fig. 5 , Table 1 ; references therein). Interestingly, Sharrah (2006) reported values of up to 25% (mostly potassium) feldspar (in QFL proportions) for selected younger samples of the Pennsylvanian Atoka Formation (ArkomaOuachita system), which he attributed to a basement source south of the Ouachita suture, an option that we further treat below.
Dispersal of Detritus to the Western Pangean Suture:
Ouachita, Appalachian, and Southern Sources?
For Permian-Jurassic strata of the Colorado Plateau region, Gehrels (2003, 2009) and Gehrels et al. (2011) postulated transcontinental river systems originating in the Appalachian orogenic belt and traversing the Laurentian craton toward the western Pangean margin in Permian and Jurassic time, transporting predominantly Appalachian-derived sediments southwestward. In this scenario, sediments from these fluvial systems were then deflated by trade winds to ultimately form the ergs of Permian through Jurassic eolian units of the Colorado Plateau region. In an analysis of detrital-zircon age distributions from Triassic strata of Texas, Dickinson et al. (2010) documented a more ''Ouachita-derived'' distribution, with more distributed Paleozoic age spectra that includes Cambrian grains, as well as a prominent Mesoproterozoic (< 1440 Ma) mode, and contrasted this with Jurassic strata of the Colorado Plateau, which exhibit a more ''Appalachianderived'' provenance characterized by large and well-defined Paleozoic and Grenvillian peaks.
Permian strata of the Delaware Basin exhibit detrital-zircon age distributions that share some similarities with these Appalachian and Ouachita ''type'' patterns documented by Dickinson et al. (2010) , and thus potentially consistent with sources in the Appalachian and Ouachita systems. However, additional source(s) are needed to account for key discrepancies, notably the marked enrichments in Paleozoic and Neoproterozoic zircons in tandem with the arkosic mineralogyattributes which are inconsistent with Appalachian and Ouachita sources. We suggest that these sources were located south of the Ouachita orogenic belt. Final suturing of Gondwana and Laurentia along the Ouachita-Marathon orogenic belt varied laterally from the middle Pennsylvanian (< 310 Ma) in the Ouachita region of Oklahoma to the early Permian (< 290 Ma) in the Marathon region of west Texas (Dickinson and Lawton 2003) , with Ouachita margin sediments thrust onto Laurentia by later Permian time (Stewart et al. 1999) . By Permian time, several terranes of Mexico were accreted as part of the OuachitaMarathon orogen. A continental arc evolved from CarboniferousPermian time in eastern Mexico (Oaxaquia; Centeno-Garcia 2005). Collision of the Mixteca terrane occurred by middle Permian time ; collision of Oaxaquia (Coahuila and Sierra Madre terranes) with the North American craton similarly began by Permian time (Torres et al. 1999; Centano-Garcia 2005; Weber et al. 2006 Weber et al. , 2008 , and Carboniferous metavolcanics and tectonized upper Paleozoic strata in the Yucatan subsurface record a collisional arc that placed the Yucatan-Maya terrane against the Ouachita orogenic belt Marton and Buffler 1994; Dickinson and Lawton 2001) . Carboniferous-Permian strata in Mixteca, Oaxaquia, and, especially, Yucatan contain Devonian detrital zircons, providing evidence of uplift and erosion of Paleozoic terranes (Keppie et al. 2008; Martens et al. 2010 ). Additionally, Grenvillian-age basement occurs in Mexico south of the Ouachita-Marathon suture, in fragments of Gondwanan terranes juxtaposed during the assembly of Pangea, e.g., the Oaxaquia and Mixteca (Acatlán Complex) terranes, and the Yucatan-Maya terrane (Ruiz et al. 1988; Ortega-Gutierrez et al. 1995; Cameron et al. 2004; Talavera-Mendoza et al. 2005; Keppie et al. 2008 Keppie et al. , 2010 Weber et al. 2008; Martens et al. 2010) , and even in basement regions of Texas (e.g., modern Franklin Mountains, Llano uplift) south of the Marathon suture (Walker 1992; Mosher 1998; Bickford et al. 2000) . Finally, the Cambrian grains, rare in Laurentia and problematically attributed to the Wichita uplift (Oklahoma) in many previous studies, could alternatively be attributed to Pan-African basement of Mexico, or recycled from such sources via the Ouachita system.
Sources within the Yucatan-Maya terrane, in particular, provide both the key Paleozoic zircon populations as well as Neoproterozoic and even Cambrian populations, and the arkosic-subarkosic character common to the Delaware Mountain Group siliciclastic strata. PennsylvanianPermian strata from the Yucatan-Maya region as well as basement (felsic igneous and volcanic) rocks here document these zircon and mineralogical signatures; notably, the Macal Formation and the Santa Rosa Group of Mexico and Central America contain a rich population of mid-Paleozoic detrital zircons, and richly feldspathic mineralogy resulting from local granitic and rhyolitic sources (Weber et al. 2006; Martens et al. 2010) .
To further assess this interpretation, and potential clastic dispersal during middle Permian time, Figure 9 and Table 3 summarize available provenance and paleocurrent data from coeval (Guadalupian) strata in regions northwest, northeast, and south of the study area. This figure and table also depict older (Pennsylvanian-Lower Permian) units representing synorogenic strata that were deformed, uplifted, and recycled along orogenic belts located east (Ouachita) and south (Marathon) of the study area, and post-orogenic fluvial strata in the piedmont and proximalforeland regions of the Ouachita and Appalachian orogenic belts. The simplest interpretation for our results suggests derivation from the uplifted regions of the Ouachita orogenic belt for much of the siliciclastic material, with the addition of a critical and prominent southern source represented principally by the Yucatan-Maya terrane by Guadalupian time. The link between this source, then nestled against (just south of) the Ouachita suture (Fig. 8) , and the ultimate depocenter in the Delaware Basin, appears to be represented by the siliciclastic strata of the Permian Whitehorse Group of the midcontinent (Oklahoma-Kansas), as originally suggested by Kocurek and Kirkland (1998) . The Whitehorse siliciclastic strata display a distinctive arkosic mineralogy, intermediate in feldspar richness between that of the Yucatan-Maya terrane that includes feldspathic arenites (Weber et al. 2006) , and the more dilute arkosicsubarkosic signature we document in the Delaware Mountain Group (Fig. 5, Tables 1, 3 ). The feldspars of both the Delaware Mountain and the Whitehorse groups do not exhibit the fine granophyric textures distinctive of Wichita Mountains granites (Price et al. 1996; Hogan et al. 2000; Morgan and London 2012) , consistent with the inference that the Wichita Mountains were buried at this time, as argued above (cf. Nelson 1983) . Furthermore, the Whitehorse Group consists of eolian units that exhibit a mean southwestward transport direction (Fig. 9, Table 3 ; Harlin 1982; Kocurek and Kirkland 1998) .
Integration of these data suggest probable fluvial transport from the proximal foreland of the Ouachita orogenic belt, including terranes docked behind (south of) the Ouachita fold-thrust belt proper. This region, previously a remnant ocean basin sediment sink (Ingersoll et al. 1995) was deformed, subaerially exposed, and shedding sediment by Late Pennsylvanian-Permian time (Figs. 9, 10, Table 3 , references therein). In the proximal foreland regions of both the Ouachita and the Appalachian orogenic belts, the youngest preserved strata (Upper PennsylvanianLower Permian) are fluvial deposits exhibiting paleocurrents indicating flow toward the northwest and west, documenting the regional slopes (Figs. 9, 10, Table 3 , references therein). These regions were sediment sources by Guadalupian time, with derivative detritus ultimately entrained into predominantly easterly trade winds of this low-latitude region of western equatorial Pangea. Seasonal excursions of the * Feldspar values are recast as feldspar relative to quartz + feldspar + lithics (QFL). Unit names are designated by numbers, locations are shown on Figure 9 . nd 5 no data.
Intertropical Convergence Zone (ITCZ), associated with the Pangean megamonsoon, would have accentuated derivation of material from the south, southwest, and southeast, and also enable inclusion of minor contributions from low-lying regions of the former ARM uplifts to the north-northwest. Sources south-southwest of the study area included the Las Delicias arc, which is almost certainly the source for the 263 Ma grain (and correlative tuffs in the Brushy and Bell Canyon formations documented by Nicklen et al. 2007 Nicklen et al. , 2009 ).
This interpretation diminishes the need to call upon a truly ''Appalachian'' source for the study samples. We posit that the Yucatan/Maya terrane formed the primary source for the (formerly problematic) Paleozoic zircons and associated feldspathic compositions, and additionally could have sourced many of the Neoproterozoic zircons. Recycling of sediments uplifted in the Ouachita fold-thrust belt supplied the other zircon populations, some of which were recycled from the Appalachian system as noted above. In effect, then, the immediate sources were located predominantly south-southeast of the study region, potentially obviating the need to call upon transcontinental fluvial transport directly from the Appalachian orogen.
Intersample Comparisons
Although all four detrital-zircon samples from the Delaware Basin exhibit generally similar age distributions, the older (Brushy Canyon) and younger (Bell Canyon) age distributions exhibit consistent differences. The apparent visual difference is strengthened by the K-S statistical result for the siltstones of the Brushy and Bell (Yates) samples, suggesting a robust contrast in the datasets. The primary differences are: 1) a sharper and more prominent Paleozoic peak in the older samples compared to a more distributed Paleozoic pattern for the younger samples, 2) the more significant contribution of Cambrian-Neoproterozoic grains in the younger samples (10-15% compared to 1-5% for the older samples; Table 2 ), and 3) a small but distinctive early Paleoproterozoic (< 2.1-2.2 Ga) population in the younger samples. The increasing influence of the Yucatan-Maya source could account for these differences, especially the increasing prominence of the Cambrian-Neoproterozoic sources, also noted by Dickinson and Gehrels (2010) in the upper Chinle (Triassic) of the western U.S. and attributed to possible derivation from the YucatanCampeche block and coterminous Florida basement. This Neoproterozoic peak matches the peak in the Bell Canyon samples, and appears consistent with the introduction of this population from accreted Gondwanan terranes, most likely from regions now southeast of the study area in Mexico and Central America, consistent with interpretations above. Furthermore, Trompette (2000) noted that Gondwanan crust is genetically distinct from Laurentian owing to the Pan-AfricanBrasiliano orogeny, which generated several continental-arc systems (530-680 Ma) that fused Gondwanan cratonal regions (1.95-2.2 Ga). Thus, in general, late Proterozoic (< 580-680 Ma) and Paleoproterozoic (2.2-1.95 Ga) ages are more characteristic of Gondwana than of Laurentia (Mueller et al. 1994; Becker et al. 2005) .
This interformational contrast suggests a provenance evolution toward the increasing importance of southern/southeastern sources between Brushy Canyon and Bell Canyon time, associated with both terrane accretion along the Ouachita-Marathon suture, and the gradual disappearance of both epeiric seas (of, e.g., the Midland Basin) and remnant oceans that previously precluded east-southeast transport. Notably, this provenance shift coincides with the filling of the Midland Basin, which would have facilitated direct saltation transport of clastic detritus from source regions located to the south and southeast.
CONCLUSIONS
Although most studies have long identified the ARM uplifts of the western U.S. as the primary source for the large volumes of Permian siliciclastic material that fill the Delaware Basin (southwestern U.S.), provenance analysis drawing upon both framework mineralogy and detrital-zircon geochronology refute this interpretation. Rather, the predominant detrital-zircon signal reflects grains of Paleozoic, Neoproterozoic, and Mesoproterozoic (Grenville) ages, in sediments displaying a notably arkosic to subarkosic modal mineralogy. The combined mineralogy and provenance spectra of the clastic strata from the Delaware Mountain Group, together with comparisons with coeval strata and available paleocurrent data, are most easily reconciled with sources in the Ouachita system, including possible recycled Appalachian detritus, and key sources within terranes accreted and uplifted south of the Ouachita suture, now in Mexico and Central America. Dispersal pathways likely involved a component of fluvial transport draining the piedmont region of the Ouachita orogenic belt and associated terranes south of this belt, and ultimate eolian deflation of these fluvial systems within an eolian transport regime characterized by predominant winds blowing from the east-southeast and subordinate seasonal winds from the west-northwest. Such a scenario is consistent with atmospheric circulation that exhibited both zonal and monsoonal components; monsoonal transport, especially northern excursions of the ITCZ during northern-hemisphere summers, would have facilitated transport from terranes south of the Ouachita-Marathon suture in present-day Mexico and Central America. Furthermore, these results place new constraints on the ultimate docking, uplift, and erosion of the Yucatan-Maya terrane south of the Ouachita orogenic belt, which provided significant volumes of siliciclastic detritus to depocenters in the western U.S. by middle Permian time. In contrast, the uplifts of the ARM were either completely covered or greatly diminished as sources by this time.
